In visual search tasks, presenting one set of distractors (previewing them) before a second set which contains the target, improves search efficiency compared to when all items appear simultaneously. It has been proposed that this preview benefit reflects an attentional bias against old information and towards new information. Here we tested directly whether there was such a bias by measuring eye movement behavior. The main findings were that fixations were biased against, and overall dwell times were shorter on, old stimuli during search in the preview condition. In addition, the initial onset of search was delayed in the preview condition and saccades made during the preview period did not disrupt the ability to prioritize new items. The data demonstrate directly that preview search results in an attentional bias towards new items and against old items.
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Eye movements and time-based selection: Where do the eyes go in preview search?
For behavior to be efficient it is essential to be able to select the most relevant information quickly. Often this involves prioritizing newly appearing information over old already processed stimuli. Such time-based selection has been demonstrated using the preview paradigm in which one set of stimuli is presented (previewed) before a second set which contains the target information. Provided that the old items are presented alone for 400ms or more it appears to be possible to fully ignore them and restrict search to a set of subsequently presented new stimuli.
Although the preview benefit has been shown to be a robust phenomenon, the mechanism(s) responsible for it remains controversial. According to Watson and Humphreys (1997) the preview benefit reflects the operation of a top-down, limitedcapacity inhibitory mechanism (called visual marking) that coordinates and applies inhibition to the locations or features of the old to-be-ignored stimuli (Watson & Humphreys, 1997 , 1998 , 2000 , 2005 Watson, Humphreys & Olivers, 2003; Braithwaite et al, 2005) . This active old item inhibition then results in a selection advantage for newly arriving information by biasing the allocation of attention away from the locations of the old stimuli. In contrast to the visual marking account, Donk and Theeuwes (2001, 2003; Donk, 2005) proposed that the preview benefit arises because the luminance onsets accompanying the new items capture attention automatically, thus leading to their prioritization in search. Finally, according to the temporal asynchrony account (Jiang, Chun & Marks, 2002; Jiang & Wang, 2004) stimuli can be grouped together on the basis of their time of arrival and then attention can be selectively applied to the most relevant group.
Irrespective of the mechanism(s) responsible for the preview benefit, to date, the proposed attentional bias against the old and towards the new has been inferred R163B -Eye movements and time-based selection from relatively indirect measures. For example, one method compares search efficiency in the preview condition to that obtained in a full-element baseline (FEB) in which all the elements appear simultaneously, and a half-element baseline (HEB) in which only the second set of stimuli from the preview condition is presented.
Typically search in the preview condition is more efficient than in the FEB and matches that of the HEB suggesting that search can be restricted to the new elements.
Another method for inferring attentional bias has been to compare the detection of luminance probes presented at either old or new locations (Watson & Humphreys, 2000; Braithwaite et al., 2005) . When set to prioritize new stimuli probe detection on old elements is impaired compared to when there is no incentive to, or when a load task reduces the ability to, prioritize new stimuli.
Although these measures are consistent with an attentional bias against the old and/or towards the new items, they are nonetheless indirect in that they provide little, if any, information on the spatio-temporal aspects of visual search. For example, the slower detection of a probe dot at the location of a single old stimulus does not provide direct evidence that those stimuli are less likely to be examined during a visual search task. Accordingly, given the close coupling between eye movements and visual attention (e.g., Deubel & Schneider, 1996) , the main goal of the present work was to analyze eye movements to provide the first direct measure of any attentional bias against old previewed items and towards new stimuli. As Zelinsky and Sheinberg (1997; see also Zelinsky et al., 1997; Greene & Rayner, 2001; Williams et al., 1997) point out, eye movements can reveal much more about visual search behavior than can be obtained from simple visual search RTs which may be composed of a number of search steps. For example, there may be a reduced probability of fixating an old element and/or fixation durations and overall dwell times might be shorter on old R163B -Eye movements and time-based selection elements in the preview condition compared to a FEB in which there is no opportunity for temporal selection mechanisms to operate.
A second aim was to determine whether the onset of search in the preview condition was delayed relative to standard search conditions. It is often found that even though search efficiency in the preview condition matches that of the HEB in terms of search slopes, the overall RTs are longer. Watson and Humphreys (1997) suggested that this was because there was a delay in the initial onset of search in the preview condition (due to the additional load of inhibiting the old items). If so, then we would expect the saccadic onset latency for the first saccade in the preview condition to be increased relative to the FEB.
Finally we were interested in whether or not participants spontaneously made saccades during the preview period and what, if any, effect this had on the preview benefit. Watson and Humphreys (1997) showed that saccades to the old items are not necessary to obtain a preview benefit and showed that searching through the old elements actually disrupted the benefit. However, even though participants are typically told to maintain fixation on a central dot throughout the preview period it is not known whether they spontaneously make saccades and if so what effect these have on preview search efficiency. In the FEB and preview conditions there were 4, 8 or 16 elements (half green, half blue). The HEB condition was identical to the FEB except that the H g distractors were not present (and thus display sizes were half those of the FEB). Responses were made via a 12-button PC game pad.
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Design and procedure
Each trial started with a blank screen (1000ms) followed by a light grey (CIExy 0.288, 0.300, lum = 48.5 cd/m 2 ) central fixation dot (0.25° × 0.25°), which served as a drift correction for the eye tracker. Observers fixated the dot and pressed a key on the response pad to start a trial. In the preview condition, after 750ms a display containing H g distractors appeared for 1000ms followed by the blue items, which an equal combination of target side by display size trials. The remaining 9 trials were target absent catch trials that discouraged observers from responding by processing only one side of the display. Trial order was randomized within a block and block order was completely counterbalanced. The eye tracker was calibrated and validated with a 9-point display directly before each block of trials.
Results
Eye movement data were analyzed with DataViewer v1.7.95 (SR Research) configured to ignore spanned events and with saccade and fixation thresholds of 0.5° and 50ms respectively.
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The basic preview benefit. Mean RTs and numbers of saccades for correct target present trials are shown in Figure 1 and search slope statistics in Table 1 . As in previous research (Watson & Humphreys, 1997) , search slopes in the HEB were calculated using the same number of display items (4, 8, and 16) as in the FEB and preview conditions. Thus the HEB slopes represent the search rate that would be obtained if search in the preview condition could be fully restricted to the new (blue)
items. The preview benefit was determined by comparing the preview condition with the HEB and FEB conditions using within-subjects ANOVAs.
HEB vs Preview RTs:
RTs were longer overall in the preview condition, with no significant main effect of condition, stimulus or their interaction (all Fs < 1).
Catch trials 2 .
Errors on catch trials (false hits) were low overall <7.5% and were not analyzed further. The eye movement data were analyzed in the same way as for search trials. Figure 2 shows the mean saccadic frequency as a function of condition and display size. If we restricted the analysis to trials on which the starting point of the initial fixation was within 15 pixels of the display center (removing trials on which participants may have been fixating a blank region or an old distractor when the new were added) then a similar pattern emerged. Overall onset latencies were slower in the preview (228.2 ms) compared to the two baselines (HEB 195.5ms, FEB 193.7ms 
HEB vs Preview saccades:
Discussion
The main aim of this study was to examine the spatio-temporal aspects of overt attentional selection in preview search. Firstly, we obtained a standard preview benefit. In terms of search slopes, search in the preview condition was more efficient than in the FEB and matched that of the HEB. This pattern was mirrored in the eye R163B -Eye movements and time-based selection movement data, demonstrating the close correspondence between the RT and the number of saccades required to locate the target (see also Zelinsky & Sheinberg, 1997 , for a related finding with standard visual search tasks).
The second finding was that even in the FEB there was some indication of bias against the H g distractors, consistent with there being some color-based attentional guidance (Wolfe, 1994; Shen, Reingold & Pomplun, 2000; Williams et al., 1997) to likely target items. However, both the overall dwell time and probability of making a saccade to a H g distractor was much lower (approximately half) in the preview condition when the H g distractors appeared first, compared with the FEB where all items appeared simultaneously. This provides the first direct evidence that preview search results in an overt attentional bias against the old items and towards the new.
Perhaps somewhat surprisingly, this bias was maintained throughout the relatively long 5s period on no-target catch trials and thus did not seem to wear off over time.
Despite the bias, fixation durations were relatively constant across all distractor types and conditions.
A third finding related to the overall RT difference between the preview and FEB conditions. A typical finding is that preview search RTs can be longer overall than in the HEB even though, in terms of search slopes, search efficiency may not differ (Watson & Humphreys, 1997) . This result was found here in the RT data but not in the saccadic frequency data. Thus the overall RT difference does not appear to be due to a fixed increase in the number of saccades made in the preview condition.
We did however find that the saccadic onset latency of the first search saccade was delayed in the preview condition compared with the HEB and FEB. Thus at least some of the overall preview-HEB RT difference is attributable to an initial delayed onset of search in the preview condition. Moreover, there was some evidence that this R163B -Eye movements and time-based selection delay increased as the number of old preview items increased. Interestingly this increase (approx 2-3ms/item) was very close to the (non-significant) difference in search slope between the FEB and preview condition observed here and in some previous work. This delay might be caused by the need to apply attentional resources to the old items in order to inhibit them which then delays the onset of search through the new items (Watson & Humphreys, 1997) . Moreover, the present data (tentatively)
suggest that the amount of effort (and hence delay) may increase as the number of old to-be-ignored distractors increases. Alternatively, the delay may arise from an increased difficulty in disengaging attention from the fixation dot as a result of trying to prevent eye movements to the old items. Whatever the cause, the present data suggest that search onset is delayed in the preview condition which contributes to the longer RTs often observed in preview search.
A final finding was that observers made eye movements in the preview period on a relatively large number of trials despite being asked to maintain central fixation.
Nonetheless, a full preview benefit was still obtained and such saccades did not disrupt preview search efficiency (in fact numerically the opposite was true).
Previously showed that intentionally searching the old items disrupted the preview benefit and so we might have expected preview-period saccades to have the same effect. Clearly this was not the case. This suggests that spontaneously generated saccades that are not associated with an active search through the old set do not disrupt their inhibition. Alternatively, the majority of saccades may have been made early in the preview period allowing sufficient time (400ms or more) to prioritize the new. An additional informal analysis provided some support for this possibility. We split the preview period into 4 time bins (250ms duration) and found that saccadic frequency initially increased and then decreased 
